Upper limb ischemia presenting in neonatal period is extremely rare. Moreover, presenting newborn with evidence of intrauterine upper limb vascular occlusion is even rarer. It needs prompt intervention to restore perfusion and avoid morbidity. We present a newborn with right upper limb brachial artery thrombosis causing ischemia that was noted at birth and appeared later to be homozygous for factor V Leiden and glycoprotein IIIa with no other identifiable risk factors. In this report, we present the case, its successful medical management, proper counseling, and review of the literature. We recommend investigating the neonates and their parents for thrombophilia mutations when they present with unusual vascular occlusion site as newborns.
Case Presentation
Our case is a full term infant product of nonconsanguinity marriage, uneventful pregnancy born by urgent Cesarean section due to failure to progress, cephalic presentation. Birth weight was 3700 grams (appropriate for gestational age) and Apgar Score was 9 and 10 in first one and five minutes, respectively. The mother is 25 years old, gravida 1, para 0, and abortion 0. He has an uneventful prenatal history and a normal antenatal ultrasound with no history of maternal diabetes mellitus or preeclampsia. Family history is unremarkable neither for early nor for late thromboembolic phenomena nor for any recurrent abortions. Placenta gross examination was normal.
The patient was delivered at a maternity unit and noticed at delivery to have a pale right upper limb so he was admitted to the Neonatal Intensive Care Unit (NICU) at our hospital.
On examination it was found that he had asymmetrical moro reflex, right upper limb coldness, pallor, and cyanosis from proximal one-third of arm to all hands and fingers ( Figure 1 ). The patient could move his arm spontaneously with intact grasp reflex and pain sensation. Radial, ulnar, and brachial pulses could not be felt. Capillary refill time was prolonged (5 seconds). Pulse oximeter did not read Oxygen saturation on the affected limb, but was normal on the other limbs. The rest of the examinations were normal including growth parameters.
Investigations done for our patient showed normal complete blood count (CBC) values including platelet and hemoglobin. C-Reactive Protein, ESR, and Coombs' test were negative and so was the blood culture. Coagulation profile and homocysteine level were normal [1] [2] [3] [4] [5] .
X-ray of chest and upper limbs showed no cervical rib or fractures. Echocardiography showed no evidence of 2 Case Reports in Pediatrics congenital heart disease with normal anatomical branches of the aorta. Doppler ultrasound of the right upper limb showed evidence of no flow in the brachial artery, while venous flow was normal. Computed tomography angiography (CTA) for aorta and its branches including right upper limb vasculature was done at age of 18 hours and revealed that the right axillary artery was occluded from its first part till brachial artery in mid arm with no collaterals (Figure 2 : three-dimensional view on computed tomography angiography) consistent with a diagnosis of right axillary artery thrombosis that is causing upper limb ischemia. Otherwise, aorta, inferior vena cava, umbilical, and renal vessels were normal. Transfontanel ultrasound was negative for any hemorrhage. Blood fibrinogen level was low, 152 mg/dL (range 200-400 mg/dL), and D-dimers level was 890 ng/mL (normal < 200 ng/mL) supporting a recent forming thrombus.
Blood levels for protein C, protein S, antithrombin activity, antiphospholipid antibodies, anticardiolipin, concentrations of clottable fibrinogen, activities of coagulation factors VIIIC and XII, and lipoprotein (a) were not done due to unavailability [5] . Extensive work-up for thrombophilia mutations for our patient and his parents was made [6] . DNAbased assays for ACE I/D, PAI-1 4G/5G, Factor XIII Val34Leu, MTHFR C677T, and prothrombin G20210A were normal [6] . But he was homozygous for factor V Leiden R506Q and homozygous for Glycoprotein IIIa Leu33Pro. This strongly explains the cause of his ischemic occlusion and neonatal presentation especially after a stressful event such as delivery.
Meanwhile, the patient was started on Heparin drip (20 units/kg/hour) for 4 days [6] that adjusted according to target activated Partial Thrombin Time "aPTT" of 2-3x normal with significant improvement and complete recovery. Afterwards, pallor disappeared, capillary refill time normalized, and Oxygen saturation read 98% on both upper limbs. Brachial and radial pulses felt with a good volume. Doppler ultrasound was repeated, and it showed normal arterial flow. Patient then shifted to low-molecular-weight Heparin (Enoxaparin) (2 mg/kg subcutaneously BID [7] ) and discharged on that till the age of one month. In addition to that, the patient was put on antibiotics and intravenous fluids initially that were discontinued after ruling out sepsis and achieving full feeding.
Magnetic resonance imaging (MRI) of brain was not done as he had normal neurological exam and no focal neurological evidence. Trans-fontanel ultrasound was satisfactory to rule out hemorrhage before starting anticoagulation.
The patient was readmitted at age of one month and underwent circumcision after stopping Enoxaparin. Then the patient was started on warfarin with target INR 2-3 [8] for one month then shifted again to Enoxaparin with regular followup in a pediatric hematology clinic. Enoxaparin was stopped at age of 16 months. The Patient is now 24-monthold, with normal examinations and no evidence of old or new vascular event, nor evidence of hemorrhage.
Thrombophilia mutation for father revealed that he is heterozygous for Factor V Leiden, Glycoprotein IIIa, PAI-1 4G/5G, and ACE I/D. And for the mother that she is heterozygous for Factor V Leiden, Glycoprotein IIIa, MTHFR, PAI-1 4G/5G, and ACE I/D. The mother did not have a history of hypertension, glucose intolerance, infection, or hypercoagulable status during pregnancy.
Proper counseling for parents was given and they were advised a regular followup with a hematologist and a geneticist. Risk of recurrence and mode of inheritance were clarified. Parents were advised a full detailed followup in next pregnancy to have a prenatal diagnosis for fetal thrombophilia study.
Discussion
The prevalence of symptomatic neonatal arterial thrombosis is approximately 1 in 20,000-40,000 births and reaches 2.4-6.8 per 1000 neonatal intensive care admissions in some reports [9] [10] [11] [12] . Approximately, 90% of cases are iatrogenic and linked to indwelling intraarterial catheters and are rarely described at birth [1] [2] [3] [4] 13] .
Other major risk factors are maternal diabetes or lupus, preeclampsia, sepsis, polycythemia, asphyxia, oligohydramnios, intrauterine growth retardation, significant dehydration, long obstructed labour, and inherited thrombophilia [1, [3] [4] [5] [14] [15] [16] [17] [18] . Some inherited thrombophilia defects, for instance, Factor V G1691A, prothrombotic polymorphisms, Factor II G2021A, and the homozygous TT genotype of the methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism, are linked to increased risk of neonatal arterial thrombosis [19] .
Very few case reports of spontaneous neonatal arterial thrombosis at birth have ever been described in the literature [1, 3, 7, 14, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Moreover, presenting newborn with evidence of intrauterine upper limb vascular occlusion is even rarer [14, 20, 23, 24, 27, 28] . The majority of them occur primarily in the large vessels, namely, in aorta mimicking cyanotic heart disease [3, 4, 13, 30, 31] and as renal vein thrombosis [1] [2] [3] 27] . Nagai et al. summarized the characteristics and treatments used in previously reported patients with intrauterine extremity thrombosis [20] reporting that only a few case reports achieved a favorable outcome using medical and even surgical intervention.
Moreover, it is obvious that these ischemic insults appear to predominate in the upper limbs, and cases are equally divided between left and right sides and are more predominant in males [20, 21, 32] . Metsvaht et al. stressed on the striking prevalence of male gender among patients with spontaneous neonatal aortic arch thrombosis that might suggest the role of sex-linked inherited factors in the penetrance of disease, as autosomal dominant inheritance has been established for the FVL mutation [33] .
Prevalence of thrombophilia markers is increased in children with thrombosis compared with control subjects. Many reports reported the high prevalence (44-81%) of at least one single thrombophilia marker in neonates with vascular thromboembolism [32, 34] . Moreover, having a combination of ≥2 thrombophilia markers makes the risk even more significant [32, 35] .
Increased prevalence of Factor V Leiden was observed in some reports on pediatric arterial thromboses and stroke [9, [35] [36] [37] [38] . Factor V Leiden [35] , which is by far the most frequent inherited prothrombotic condition with a prevalence of about 5-10% in Caucasian population [11, [39] [40] [41] [42] , is significantly associated with spontaneous and catheterrelated thrombosis [15, 32, 34, 43, 44] . It is reported that the risk of spontaneous thrombosis increases 8-fold in the heterozygous carrier and 80-fold in the homozygous patients [29] . Nowak-Gö ttl et al. [45] reported that 38% of neonates and children with arterial thromboembolism were positive for Factor V Leiden gene mutation, and Hagstrom et al. [46] found that 27% of neonates with arterial stroke had the Factor V Leiden mutation.
On the other hand, Glycoprotein IIIa homozygosity is a major risk factor for coronary thrombosis and myocardial infarction and an important predictor for sudden cardiac death for middle ages. Moreover, it is an inherited risk that promotes thromboembolic complications of pregnancy and a prognostic factor for early fetal losses.
Moreover, the combined inheritance of prothrombotic risk factors further increases the risk of early thrombosis [47] . But none of the above-mentioned articles targeted the combined effect of factor V Leiden and Glycoprotein IIIa as risk factors for early thrombosis presenting in neonatal period.
Clinical features of peripheral arterial occlusion are gathered as the 6Ps: pallor, pulselessness, paralysis, pain, parasthesia, and perishing cold of involved extremity. At least four of the above were elicited in our patient. The clinical presentation varies depending on the site and time of occlusion [14, 20, 21] . In our case, we propose that the time of ischemia is recent as the patient has no collateral arteries on the CTA, High D-Dimers level, and a rapid response to unfractionated Heparin.
Treatment of neonatal spontaneous arterial thrombosis is controversial. An expert panel on the management of arterial thromboembolic events in neonates recommended that therapy should be individualized based on the extent of thrombosis and the urgency of the clinical situation [8] , having anticoagulation agents as the recommended initial treatment for neonatal thromboembolism [7, [48] [49] [50] and thrombolytic agents reserved for selected cases where there is limb, organ, or neonatal life threatening event. Moreover, expectant management still has its success in selected cases [12, 51] . However, early diagnosis and prompt management are the essential parts for preserving limb function and perfusion as some cases were associated with a favorable outcome [3, 20, 22, 26] . There are no large trials comparing different therapeutic regimens [7, 52] , making the decision highly individualized and based on clinical picture.
We used Heparin followed by low-molecular-weight Heparin (Enoxaparin), the safest and most commonly used anticoagulant in neonatal thrombosis [7, 49, [53] [54] [55] . Heparin should be limited to clinically significant thrombosis with a goal of preventing clot expansion or embolism [7] . Heparin showed significant improvement without the need to thrombolytic therapy in our patient. This is probably as our patient had a "forming thrombus" rather than a "well formed thrombus" supported by having no collaterals found on CTA, low blood fibrinogen level, and a rapid improvement on anticoagulation alone.
The safety of the low-molecular weight heparin (Enoxaparin) as an anticoagulant in newborns has been demonstrated [49] , and it is indicated for the primary treatment of neonatal thromboembolism. Overall, LMWH has been effective in NICU setting with reports of partial or complete resolution of thromboembolic events in 59-100% of cases [53, [56] [57] [58] . Our patient was given Enoxaparin for 17 months. No consensus is present yet for the duration of treatment after resolution of symptoms.
All neonates with thromboembolic disease should be evaluated for hypercoagulation, particularly those with spontaneous thrombosis in the absence of central catheters as described in our case. Consultation with a pediatric hematologist and a vascular surgeon is preferred in all cases. Neonatal ischemic stroke has also been reported in association with presence of one or more coagulation abnormalities. Gunther et al. have recommended a complete prothrombotic screening in all neonates with vascular accidents [43] .
Recurrence can occur which is obvious from the inherited nature of the disease and the positive thrombophilia study of both parents. Increased rates of still birth, miscarriage, abruption of placenta, placental infarction, intrauterine fetal growth retardation, prematurity, and intrauterine fetal thrombosis were explained to the parents [11, 16, [59] [60] [61] .
Conclusion
This is one of the few reported cases of an unusual presentation of thrombophilia presenting at birth with intrauterine limb thrombosis successfully treated with Heparin and Enoxaparin. Both are noninvasive measures which proved to be effective. Regular followup showed no complication and no recurrence of a thrombus anywhere. To the best of our knowledge, this is the first reported case of an intrauterine brachial artery thrombosis which was successfully treated noninvasively with full recovery and no complications after a followup of 24 months.
Recommendations
We recommend investigating neonates and their parents for complete thrombophilia mutations when they present with unusual vascular occlusion site as newborns.
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